Introduction
For genetic analysis we used parental lines, R1 (pod shatter resistant), R2 146 (pod shatter prone) and a mapping population comprising of 96 DH lines that 147 showed segregation for pod shatter resistance, developed from a cross 148 between R1 and R2 (Liu et al., 2013) . In addition, we used a total of 135 149 diverse accessions, comprised of four winter type, 119 semi-winter type and 150 12 spring type (Supplemental table 1) to validate the association between 151 pod shatter resistance index (PSRI) and the BnSHP1.A9 promoter specific 152 marker. All accessions were evaluated for pod shatter resistance using 153 random impact test as described previously (Liu et al., 2016) .
154
Sequence analysis of BnSHP1.A9 155 Total DNA was extracted from the leaves of 4 weeks old seedlings by CTAB 156 method (Stein et al., 2001 resistance data generated in our previous study (Liu et al., 2016) . To 207 determine putative QTL for pod shatter resistance, we performed the 208 composite interval mapping (CIM) using WinQTL Cartographer 2.50 (Zeng, 209 1994; Wang et al., 2006) . The genome scan was performed at every 2 cM to 210 estimate the likelihood of a QTL and its corresponding phenotypic effect (R 2 ).
211
The empirical threshold was computed using 1,000 permutations (overall error 212 level 5%) as described in Churchill and Doerge (1994) . 
Results

280
Sequence variation of BnSHP1.A9 underlying pod shatter resistance 281 We isolated the full length of BnSHP1.A9 gene from both the R1 and R2 R2, which enabled us to develop a gene specific marker for BnSHP1.A9.
294
In order to determine whether the polymorphism in BnSHP1.A9 is associated 295 with pod shatter resistance in a DH population derived from R1 and R2, we 296 developed a primer pair (IF4) for specific amplification of BnSHP1.A9 alleles 297 ( BnSHP1.A9-R2 (Figure 2 ). Figure 4A ).
369
The LTR insertion correlates with BnSHP1.A9 repression in DH lines 370 Since the LTR element insertion locates in the upstream of the start codon of 371 In this study, hypermethylation of the BnSHP1.A9 promoter region, mainly 508 through CG and CHH methylations, appears to be the major epigenetic 509 factor in the regulation of gene expression. It seems reasonable for plants to 510 evolve such an epigenetic regulatory mechanism to gain functional variation 511 for pod shatter resistance. 
